INTRODUCTION
The investigation of evolutionary relationships among shorebirds (Aves: Charadriiformes) has a long history (reviewed in Sibley and Ahlquist 1990). Almost all studies used morphology to make inferences about shared ancestry; inferences were made using an intuitive method.
Much of the literature of systematics deals with the identification of characters which are good estimators of phylogenetic history. Early systematists had little more than their own insights to help them choose the characters which best indicate relationships. The stability of much of zoological classification is testimony to their good judgment in their choices. Their methods, however, have made it difficult or impossible for others to follow or repeat the steps from observations of specimens to the statements of relationship among taxa (Strauch 1978:269).
Appropriately, Strauch' s own (1978; Fig. 1 ) investigation of charadriiform relationships was explicit in both its assumptions and method of clustering taxa, and is therefore repeatable. Indeed, among morphological studies examining the full range of charadriiform taxa, only that of Strauch meets the criterion of repeatability; a second such study is currently under way (McKitrick, unpubl. manuscript).
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Strauch scored 227 charadriiform taxa for 70 characters. Sixty-three of the characters were taken from either the skull or postcranial skeleton; the remaining seven involved the respective origins of three neck muscles, as published in Burton (1971 Burton ( , 1972 Burton ( , 1974 and Zusi (1962) . These data were analyzed using the method of character compatibility (Estabrook 1972; Estabrooket al. 1975 Estabrooket al. ,1976a Estabrooket al. , 1976b McMorris 1975; Es&brook et al. 1977) .
In compatibility analysis, characters are treated as partially-ordered sets; that is, each character is viewed as a set of states, with the states being ordered by some hypothesis of character evolution (Fig. 2) . Strauch generated hypotheses of character evolution using a common = primitive criterion. The most common state was determined with reference to the Charadriiformes alone. For many characters, the most common state in two outgroups-the cranes and their relatives (Gruiformes) and the pigeons (Columbiformes)-was identified as well, but if the most common outgroup state differed from the most common charadriiform state, then the latter was coded as primitive (e.g., characters 38, 45, and 56).
Many of Strauch' s characters had more than two states. For each of these an ordered transformation series was constructed, though Strauch said (1978: 277) that his hypotheses oforder were sometimes only a guess. As its name suggests, the character-compatibility method requires that the compatibility of characters be assessed. To determine whether or not two characters are compatible, their cartesian product is calculated. The result is a new set that can be visualized as a lattice; the lattice has a vertex for every possible combination of states from both characters (Fig. 3) . If vertices representing character-state combinations not in the study collection are discarded and the result is a non-reticulate tree-any non-reticulate treethen the characters are compatible. Character compatibility thus refers to the condition in which the sequence of character-state transformations hypothesized for two or more characters can be accommodated by a single phylogenetic tree. The likelihood of finding a large set of mutually compatible characters is taken to be small unless compatibility results from shared evolutionary history. Thus, large sets of compatible characters provide better evidence of shared history than do small sets, and permit greater confidence that the tree capable of accommodating their respective transformation series is the true genealogy.
Initially, the largest set of mutually compatible characters is determined. This initial analysis typically resolves the deepest part of the tree, but fails to resolve relationships at less general hierarchical levels.
Within each group identified by the initial analysis, the resolution of relationships is accomplished by determining which characters vary in that group and then identifying from those variable characters a largest clique. The process may be repeated in smaller and smaller groups until the tree is suitably resolved.
Mickevich and Parenti (1980) leveled serious charges against the Strauch study. One charge addressed Strauch' s use of the compatibility method. Mickevich and Parenti argued that compatibility analysis, by using only mutually compatible characters to determine tree topology, selectively ignores characters that are incompatible; they wrote, "We see no philosophical distinction between the practice of disregarding data because of individual preference and discarding data because of some formal mathematical criterion for which, as far as can be determined, there is no underlying biological validity" (1980: 109). A second charge addressed the particulars of Strauch' s character-state coding, ordering, and polarization; a third addressed Strauch' s results, which were claimed to be "radically different from all previous published hypotheses" (1980: 109).
Mickevich and Parenti, disagreeing with some of Strauch' s coding procedures, rejected 35 of his 70 characters, then analyzed the remaining 35 using the computer program WAGNER 78 (Farris 1978). Two shortest Wagner networks were found; these were rooted with a hypothetical ancestor constructed from characters for which Strauch described an outgroup state (Lundberg 1972) . The consensus tree calculated from these two shortest networks is shown in Figure 4 .
Unfortunately, the Mickevich and Parenti reanalysis is itself not entirely satisfactory. As indicated by the character descriptions below, the Mickevich and Parenti rationale for rejecting characters is heavy-handed, unevenly applied, and occasionally erroneous. For example, nine characters (11, 14-17, 33, 36, 39, and 59) were rejected because taxa with multiple states were given single state assignments. In most instances, however, the number of multistate taxa was small-only one out of 227 taxa for character 33 -and in one case (character 17) there were no variable taxa. In another example, two characters (8 and 46) were rejected because some of their states were defined solely on the basis of con- matrix generated by the recoding process. My ing as many potentially informative data as they objective is to produce a hypothesis of charaddid. Such a hypothesis can then be used as a riiform phylogeny that accounts for the Mickframework for examining character evolution evich and Parenti critique, but without discard-within the Charadriiformes (e.g., Chu 1994 
MATERIALS AND METHODS
Before revision, the Strauch data matrix contained 70 characters. During revision, I omitted two of Strauch' s original characters (5 1 and 59), split a third (character 11) into two, and changed the coding for an additional six (4, 31, 33, 39, 46, and 66). The net result was a reduction in the total number of characters, from 70 to 69.
Recoding also rendered identical the character-state descriptions for some of the 227 taxa in the original Strauch matrix. Taxa with identical state assignments were combined under single taxon labels, reducing the number of taxa in the revised matrix to 185; I then added a hypothetical ancestor to the matrix, bringing the number of taxa to 186.
States were assigned to the ancestor based on Strauch' s information about two outgroups, the Gruiformes and Columbiformes. However, state assignments were made for only those characters in which all gruifonn and columbiform taxa surveyed had the same character state; ten characters (4, 6, 9, 17, 33, 34, 42, 43, 45, and 46) In the initial PAUP analysis, shortest trees were sought using a heuristic algorithm that employed a random addition sequence and tree bisectionreconnection branch-swapping; the addition/ branch-swapping procedure was repeated ten times to compensate for the limitations that each addition sequence imposed. I also used the MULPARS option, which saves all of the equally-parsimonious trees that are found and inputs them one by one into the branch-swapping procedure.
Because of the large number of taxa d comparatively small number of characters, I suspected that many equally short trees would be found. As a result, I arbitrarily limited the number of shortest trees retained to 100 per replication. Thus after ten replications as many as 1,000 trees could have been saved. The actual number saved was 100, a consequence of only one replication finding trees of minimal length.
To search for additional minimum-length trees I ran a second PAUP analysis. Parameters employed in the second analysis were unchanged from those used in the first, with three exceptions.
(1) (2) (3)
To get a starting tree for branch-swapping, I did not use stepwise addition; instead, I used Tree 1 of the 100 shortest trees found during the initial analysis. Using a predetermined starting tree made multiple replications irrelevant. The multiple-replication procedure is designed to compensate for addition-sequence limitations, and no such limitations exist when starting trees are obtained by a means other than stepwise addition. As a consequence, I used one replication rather than many. I set the maximum number of shortest trees saved to 2,500.
After 2,500 trees had been saved I allowed branch-swapping to proceed for 141 hr, during which time branch-swapping was completed on 892 of the trees. The second analysis was then terminated.
In the first two analyses I placed arbitrary ceilings on the number of shortest trees that PAUP could find, and in both cases the ceilings were reached. These results suggested that the population of shortest trees was very large, and raised concerns that even the 2,500-tree sample obtained in the second analysis was not representative of the population as a whole.
One way to reduce the population of shortest trees is to delete taxa. Accordingly, I ran a third, reduced-matrix PAUP analysis from which 112 of the 186 taxa had been deleted. Taxa were likely to be deleted if they participated in consensus polytomies; for example, in the case of a completely unresolved polytomy with six terminals, four of the six might be removed. Removal of such terminals was a reasonable strategy because it deleted taxa from clades that could not be resolved in an unambiguous way by the available evidence. However, deletion was selective with respect to shorebird taxonomy, insuring that all suprageneric taxa recognized by Peters (1934) , Jehl(l975), and Sibley et al. (1988) were represented by at least one species in the analysis.
Parameters used in the third PAUP analysis were identical to those used in the initial analysis, except that I limited the number of shortest trees retained to 1,000 per replication. After ten replications up to 10,000 trees could have been re-tained; however, 855 were found during replication 1 and none thereafter, suggesting that all shortest trees had been found.
RESULTS
The second of the first two analyses yielded a sample of 2,500 shortest trees. Each required 40 1 steps and had a consistency index (Kluge and Farris 1969) of 0.307. A strict consensus (Nelson 1979 ) of the 2,500 trees is shown in Figure 5 because of its previous use as a phylogenetic hypothesis for the Charadriiformes (Chu 1994 ).
The third analysis (i.e., the reduced-matrix analysis) yielded 855 shortest trees, each 286 steps long and with a consistency index of 0.385; from these, strict (Fig. 6) The topological differences between the results of a full-matrix analysis (Fig. 5) and a reducedmatrix analysis (Fig. 6) highlight the difficulties associated with data that are incapable of resolving relationships among the taxa of interest. If existing data cannot resolve relationships, a very large number of equally simple resolutions are possible, only some of which will be found and subjected to branch-swapping; others will neither be found nor swapped on. Conversely, if the existing data are capable of resolving relationships, a small number of shortest trees are possible, and the chances are reasonable that all will be found, even with a heuristic search. For this reason I will limit further discussion to the reduced-matrix analysis.
The reduced-matrix analysis (Fig. 6 ) indicated two major clades of charadriiform taxa:
(1) a lineage of sandpiper-like birds, including the sandpipers, painted snipe (Rostratulidae), jacanas, and seedsnipe; and (2) a lineage of plover-like birds, including the true plovers (Charadriinae), lapwings, oystercatchers (Haematopodidae), the Ibisbill (Zbidorhyncha struthersii), stilts and avocets (Recurvirostridae), sheathbills (Chionididae), the Magellanic Plover (Pluvianellus socialis), coursers and pratincoles, thick-knees, the Crab Plover (Dromas ardeofa), and gulls and their allies (Laridae).
The two major lineages were clustered into a monophyletic group, and the auks were hypothesized to be that group' s sister taxon. Within the lineage of sandpiper-like birds, the jacanas, painted snipe, and sandpipers formed a clade, with their sister taxon being the seedsnipe (Fig. 6) . However, the jacanas and painted snipe were found to be derived sandpipers, not proximal outgroups to a monophyletic sandpiper group; thus the sandpipers as usually conceived (e.g., the Scolopacidae of both Peters 1934 and Sibley et al. 1988 ) are hypothesized to be paraphyletic.
Relationships within the lineage of plover-like birds were less clear. Strauch' s data supported the existence of five plover-like clades, but did not resolve the relationships between them (Fig.  6 ). These clades are the larids and the Crab Plover (Dromas ardeola); the coursers and pratincoles; the thick-knees and Egyptian Plover (Pluvianus aegyptius); the sheathbills and Magellanic Plover (Pluvianellus socialis); and the stilts, avocets, Ibisbill (Zbidorhyncha struthersii), oystercatchers, lapwings, and true plovers.
Resolution of relationships was particularly poor within the last of these clades. The lack of resolution was a direct consequence of my decision to include the Ibisbill in the reduced-matrix analysis; deleting it reduced the number of shortest trees from 855 to 60 (Fig. 8) .
Whether the Ibisbill was included or excluded, the majority of shortest trees did not support the existence of a monophyletic group comprised by the lapwings and true plovers (i.e., the Charadriidae sensu Peters 1934 or American Omithologists' Union 1983). Additionally, no shortest tree supported the existence of a monophyletic lapwing group: in the reduced-matrix analysis the closest relative of Vanellus cayanus was Phegornis mitchellii, not Vanellus vanellus or V. chilensis. Strauch' s (1978) compatibility analysis yielded a similar result in that it did not cluster cayanus with the other lapwings.
DISCUSSION
The present analysis did not support sandpiper monophyly, but it did recognize five sandpiper lineages (Fig. 6) Another enigmatic taxon, the Egyptian Plover, Fig. 4 ) and the present analysis placed the auks at the basal node in the charadriiform tree. The latter two found auks to be the sister taxon of all other charadriiform birds; the former was unable to resolve the position of the auk lineage, and so depicted it as part of a basal trichotomy.
More-inclusive groupings among the non-auk shorebirds were similar in the present study and that of Strauch, less so in that of Mickevich and Parenti. Both Strauch and the present study clustered the non-auk shorebirds into two groups, one of sandpiper-like birds and the other of plover-like birds (Figs. 1,6 ). In contrast, Mickevich and Parenti found a lineage of lapwings to be the sister taxon to all other non-auk shorebirds (Fig.  4) , with there being less resolution among the latter than in either the Strauch analysis or my reanalysis (monophyly of the sandpiper-like birds was supported unambiguously, but the position of several lineages of plover-like birds was not resolved).
Additional comparisons between trees generated in the present study, the Strauch tree, and the Mickevich and Parenti trees are provided below.
(1) (2) (3) My reanalysis of Strauch' s data indicated that sandpipers are paraphyletic, with the jacanas and painted snipe being derived members of the group of sandpiper-like birds (Fig. 6) . The Mickevich and Parenti analysis yielded similar result (Fig. 4) . Conversely, Strauch found jacanas and seedsnipe to be the proximal outgroups for a monophyletic sandpiper lineage (Fig. 1) . Shortest trees found in the present study failed to provide unambiguous support for the existence of a monophyletic group made up of the lapwings and true plovers. Both Strauch (Fig. 1) and Mickevich and Parenti (Fig. 4) argued against the monophyly of such a group. In both this study (Fig. 6) and that of Strauch (Fig. 1) Sibley and Ahlquist' s evidence indicated that the Charadriiformes are made up of two groups, one of sandpiper-like birds and the other of plover-like birds (Fig. 9) . Allowing for differences in the taxa examined, membership in each group was the same as in both Strauch' s study and the present analysis, with one exception: Sibley and Ahlquist placed the auks within the group of plover-like birds, with the auks being most similar to larids.
In the Sibley and Ahlquist study the ploverlike birds were themselves divided into two groups. One comprised the plovers, lapwings, stilts and avocets, oystercatchers, thick-knees, and sheathbills. The other comprised the coursers and pratincoles, the Crab Plover, auks, and larids. The latter is identical in membership to a clade supported by the Mickevich and Parenti analysis, except that Mickevich and Parenti placed thick-knees in that clade as well (Fig. 4) Let us suppose, just for the sake of argument, that cladistic parsimony is the best method for assessing the evidential meaning of character distributions. Let an initial set of fifty characters be such that (AB)C is the best hypothesis, when parsimony is used to analyze the data. A new data set is intraduced, also involving fifty characters, and A(BC) is the most parsimonious hypothesis for this second set. The data sets disagree. If parsimony is the correct way to discern evidential meaning, this result does not in the slightest impugn that method' s credentials. When different pieces of data point in different directions, it is essential to consider what all the data say. A natural "principle of total evidence" enjoins us to find the most parsimonious tree, relative to all one hundred characters. Sober addresses the situation in which different suites of characters yield different topologies, and concludes that incongruence among topologies is a commentary not on the method ofphylogenetic inference but on the character evidence employed. However, his argument can be extended to a second situation: caution must be exercised when assailing a method for yielding topologies different from those generated with other methods, because the topological differences may stem from nothing more than an investigator' s choice of characters.
If taxonomic congruence lends support to hypotheses, then groupings present in several of the hypotheses examined here are better supported than groupings present in only one of them. Two groups in particular are better supported in this manner: the sandpiper-like birds (a group comprised by the sandpipers, jacanas, painted snipe, and seedsnipe) and the plover-like birds (a group comprised by the lapwings, true plovers, oystercatchers, stilts and avocets, the Ibisbill, thickknees, coursers and pratincoles, the Crab Plover, gulls and their allies, sheathbills, and the Magellanic Plover). The sandpiper-like group is hypothesized in Sibley and Ahlquist' s analysis of DNA-DNA hybridization data, in Strauch' s analysis of morphological characters, and in both my reanalysis of Strauch' s data and the Mickevich and Parenti reanalysis. The plover-like group is hypothesized in all analyses except that of Mickevich and Parenti, and might have been hypothesized there as well, had Mickevich and Parenti not elected to exclude so much evidence from their study.
Of course, as a source of support for hypothesized groupings, congruence with additional hypotheses is a poor substitute for congruence with additional characters. It is the addition of new characters, and not a comparison of trees, that will prove the final arbiter in any discussion over which estimates of relationships are most strongly supported.
